University of North Dakota

UND Scholarly Commons
Theses and Dissertations

Theses, Dissertations, and Senior Projects

2007

Developing a rapid method for assessing the
physical stability of streams in Minnesota's Agassiz
beach ridges
Abigail V. Franklund
University of North Dakota

Follow this and additional works at: https://commons.und.edu/theses
Part of the Geology Commons
Recommended Citation
Franklund, Abigail V., "Developing a rapid method for assessing the physical stability of streams in Minnesota's Agassiz beach ridges"
(2007). Theses and Dissertations. 98.
https://commons.und.edu/theses/98

This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact
zeineb.yousif@library.und.edu.

DEVELOPING A RAPID METHOD FOR ASSESSING THE PHYSICAL STABILITY
OF STREAMS IN MINNESOTA’S AGASSIZ BEACH RIDGES

by

Abigail V. Franklund
Bachelor of Science, North Dakota State University, 2005

A Thesis
Submitted to the Graduate Faculty
of the
University of North Dakota
in partial fulfillment of the requirements

for the degree of
Master of Science

Grand Forks, North Dakota
December
2007

This thesis, submitted by Abigail V. Franklund in partial fulfillment of the
requirements for the Degree of Master of Science from the University of North Dakota,
has been read by the Faculty Advisory Committee under whom the work has been done
and is hereby approved.

______________________________

______________________________

______________________________

This thesis meets the standards for appearance, conforms to the style and format
requirements of the Graduate School of the University of North Dakota, and is hereby
approved.

___________________________
Dean of the Graduate School

___________________________
Date
ii

PERMISSION

Title

Developing a Rapid Method for Assessing the Physical Stability of
Streams in Minnesota’s Agassiz Beach Ridges

Department

Geology

Degree

Master of Science

In presenting the thesis in partial fulfillment of the requirements for a graduate
degree from the University of North Dakota, I agree that the library of the University
shall make it freely available for inspection. I further agree that permission for extensive
copying for scholarly purposes may be granted by the professor who supervised my
thesis work or, in her absence, by the chairperson of the department or the dean of the
Graduate School. It is understood that any copying or publication or other use of this
thesis or part thereof for financial gain shall not be allowed without my written
permission. It is also understood that due recognition shall be given to me and the
University of North Dakota in any scholarly use which may be made of any material in
my thesis.

Signature ____________________________
Date ________________________________

iii

TABLE OF CONTENTS
LIST OF FIGURES …………………………………………………………………

vii

LIST OF TABLES ………………………………………………………………….

viii

ACKNOWLEDGMENTS …………………………………………………………..

ix

ABSTRACT ………………………………………………………………………...

x

CHAPTER
I. INTRODUCTION …………………………………………………………..

1

Project Goal and Objective …………………………………………

3

The Nature Conservancy ……………………………………………

4

Description of Minnesota’s Glacial Lake Agassiz Beach Ridges ….

4

II. LITERATURE REVIEW…………………………………………………...

6

Stream Stability ……………………………………………………..

6

Stability Indicators …………………………………………………..

7

Instream Habitat ……………………………………………..

7

Riparian Buffer ……………………………………………....

8

Access to Floodplain …………………………………………

9

Width to Depth Ratio ………………………………………...

10

Entrenchment Ratio and Degree of Incision …………………

10

Bank Stability ………………………………………………..

11

Sinuosity …………………………………………………….

12

iv

Previous Work and Assessment Protocols ………………………….

13

III. METHODOLOGY ………………………………………………………….

18

Site Selection Process ……………………………………………….

18

Field Work …………………………………………………………..

18

Surveying ……………………………………………………

18

Pebble Counts ……………………………………………….

21

Estimating the Calculated Mean Particle Diameter …………

23

Sinuosity and Slope ………………………………………….

24

Bankfull Measurements ………………………………………

25

IV. RESULTS ……………………………………………………………………

28

Data Analysis ………………………………………………………… 28
Initial Stability Ranking ……………………………………… 28
Rosgen Level II Morphological Classification ……………….

31

Width to Depth Ratio and Entrenchment Ratio ………………

34

Degree of Incision …………………………………………….

35

Number of Instream Habitats …………………………………

36

Width and Type of Riparian Buffers …………………………

36

Streambank Characteristics …………………………………..

37

Calculated and Measured Mean Particle Diameter (MPD) …..

39

V. DISCUSSION AND APPLICATION ……………………………………….. 40
Proposed Stream Assessment ………………………………………… 40
SAMBR ………………………………………………………. 40
Analytical Hierarchy Process ………………………………… 41
v

VI. CONCLUSION ……………………………………………………………… 47
APPENDICES ……………………………………………………………………….

50

APPENDIX A ……………………………………………………………….. 51
Cross-sections of Surveyed Stream Reaches in Order of Site ID
APPENDIX B ………………………………………………………………... 61
Cumulative Percent Charts for Pebble Counts
APPENDIX C ………………………………………………………………... 70
Stream Assessment for Minnesota’s Beach Ridges (SAMBR)
APPENDIX D ………………………………………………………………... 74
Scores from SAMBR On Each Surveyed Stream Reach
REFERENCES ………………………………………………………………………. 78

vi

LIST OF FIGURES
Figure

Page

1.

Lake Agassiz beach ridges in western Minnesota (maps modified from The
University of Texas at Austin’s map of Minnesota 2005 & MN DNR GIS dataset
2004) ……………………………………………………………………...…… 2

2.

An illustration of a three-zone buffer. Modified from EPA 2007 . …………...

3.

Approximate locations reaches selected for measurement in western Minnesota
(map modified from MN DNR GIS dataset 2004)……………………………. 19

4.

Field form for pebble count recording and analysis (modified from Rosgen
1996) ………………………………………………………………………….. 22

5.

A chart depicting the use of tractive force to determine the size of bed material
that will erode (modified from Ward and Trimble 2004)……………………… 24

6.

Basic stream cross-section depicting bankfull ………………………………... 26

7.

Classification key for natural single thread streams (modified from Rosgen 1996).
Key for multiple channel streams is not included………………………..……. 33

8.

Diagram of BEHI streambank characteristics taken from the EPA’s (2006)
BEHI variable worksheet #2 ………………………………………………….. 38

vii

9

LIST OF TABLES
Table

Page

1.

Nine stream assessments and their primary indicators………………………..

17

2.

Location of stream sites including watershed, county, township, location,
and remarks …………………………………………………………………...

20

3.

Physical habitat data collected from the field, high resolution aerial photos,
GPS, and GIS ………………………………………………………………… 29

4.

Explanation of stability ranking provided by The Nature Conservancy
(2005)………………………………………………………………………….

31

5.

Scale for comparing attributes for AHP (Saaty and Vargas 1991)……………

42

6.

Matrix A displaying the pairwise comparison which established priorities
among the stream stability attributes………………………………………….

43

Matrix B displaying the normalization of each Matrix A cell with respect
to the column, average of each row, and the consistency measure for each
row…………………………………………………………………………….

45

7.

viii

ACKNOWLEDGMENTS
Financial assistance for this project was provided by the Cox Family Fund for
Science and Research, the University of North Dakota, The Nature Conservancy, and the
Alan C. Cvancara Graduate Field Research Scholarship.
I would like to thank my advisor, Dr. Phil Gerla for his advice, encouragement,
and openness to this new and challenging project. Also, I would like to thank my
committee members Dr. Scott Korom and Dr. Gregory Vandeberg for lending their skills
and assistance throughout my time at UND.
Special thanks to the Buffalo River Watershed Office in Barnesville, MN and the
Red Lake Watershed Office in Thief River Falls, MN. Without the help of these two
offices, locating small unmapped streams would have been nearly impossible, hindering
the progress and success of this project.
Finally, I want to extend my most sincere gratitude to my husband, Roark
Franklund, and son, Reece Franklund, for making the sacrifices they made for me to
obtain my Masters degree. To my parents, Robert and Karen Marohl, I thank you for your
loving support and unyielding confidence in me.

ix

ABSTRACT
This thesis assessed the physical characteristics and stability of selected western
Minnesota streams that cross the eastern beach ridges of glacial Lake Agassiz. Stream
and river channels in this area host unusually diverse aquatic habitat and biodiversity, but
incompatible land use along channels and in watersheds impair their quality and function.
Previous rapid assessment protocols have been developed for stream attributes and
stability, but these methods have been developed elsewhere in the United States and are
not necessarily appropriate for western Minnesota’s unique geology and landscape.
A rapid reconnaissance method was developed to assess stream conditions using
an integrated numerical scoring and qualitative ranking survey developed from field data
collected during the project. Although ecological function and habitat quality are the
main consideration, this project focused on the physical characteristics of a reach, without
explicit consideration of water chemistry or indices of biological integrity.
The final stream assessment is referred to as SAMBR (Stream Assessment for
Minnesota’s Beach Ridges) and is based on seven indicators that are used to rate stream
segments as poor, fair, good, or very good. The indicators are: (1) instream habitat, (2)
riparian buffer, (3) access to floodplain, (4) sinuosity, (5) degree of incision, (6) bank
stability, and (7) incipient particle diameter and channel material. The method is
generally applicable to wadeable streams throughout the Minnesota glacial Lake Agassiz
beach ridges. This assessment is unique because it uses an analytic hierarchy process to
weigh more heavily the indicators that are more important in achieving biodiversity,
x

versus the indicators that are slightly less important. This method can be easily adapted to
emphasize other stream assessment goals and objectives.
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CHAPTER I
INTRODUCTION
The 9,000 - 12,000 year-old beach ridges of glacial Lake Agassiz exhibit some of
the greatest examples of native prairie remaining in Minnesota and the entire Midwest
(MN DNR 2007). In Minnesota, the beach ridges transect six counties (Figure 1) and
eight minor watersheds, which are all part of the larger Red River watershed. Over the
course of time, many streams, rivers, and wetlands west of the beach ridges have been
channelized directly into the Red River. Many of the streams in the beach ridge region,
however, remain in a more natural condition. In spite of this, most streams exhibit signs
of instability such as increases in flooding, bank failure, loss of protective vegetation, and
floodplain inaccessibility. Dodds et al. (2004) asserts that the streams, not only in this
particular region, but all over the Great Plains are endangered because a significant
proportion of the North American prairie has disappeared due to agriculture and
urbanization which has caused streams to be physically modified and polluted.
When developing an effective conservation or restoration action plan, multiple
steps need to be performed, including determining the viability of the target of interest
and identifying its key attributes (The Nature Conservancy 2005). Therefore, if the
conservation target is a stream, this indicates that it is necessary to develop a procedure to
assess the condition of the stream. One way this can be accomplished is by developing a
rapid stability assessment. This assessment is important because it can be used as a tool to
1
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Figure 1: Lake Agassiz beach ridges in western Minnesota (maps modified from The
University of Texas at Austin’s map of Minnesota 2005 & MN DNR GIS dataset 2004).
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identify stream conditions and help expand our understanding of the physical
characteristics that create a stable stream. This will assist state, local, and non-profit
organizations in implementing strategies to maintain stream integrity for agricultural,
recreational, municipal, and wildlife uses. In addition, flooding is a common problem in
many areas. Communities have implemented various drainage and flood protection
projects, so a stability assessment could be used to evaluate the condition of a reach
affected by a flood reduction project. This will in turn ensure the protection and
enhancement of our natural resources.
Project Goal and Objective
Previous rapid assessment protocols have been developed for stream stability, but
these methods have been developed elsewhere in the United States and are not
necessarily appropriate for western Minnesota’s glacial Lake Agassiz beach ridges’
unique geology and landscape, an area that has been recognized for its potential for
biodiversity (Ostlie and Faust 1996). The approach used in this thesis is to observe stream
conditions and collect survey data from nine reaches along Minnesota’s western beach
ridges to determine which physical attributes best characterize channel stability along a
stream reach. Results from this portion of the study are integrated into a numerical
scoring and qualitative ranking survey to evaluate a rapid assessment, referred hereafter
as the Stream Assessment for Minnesota’s Beach Ridges (SAMBR), which is designed
specifically for the region. The user of SAMBR makes both quantitative and qualitative
observations of a particular stream reach that is then scored and totaled to give the overall
physical stability of the reach. Since this assessment is part of a larger goal to protect and
preserve biodiversity in this area, SAMBR includes an analytical hierarchy process
3

(AHP) (Saaty and Vargas, 1991) that introduces an internally consistent method to
weight the relative importance of stream attributes. Use of the AHP or any other rigorous
weighting scheme has apparently not been used in any published stream assessment.
The Nature Conservancy
Minnesota’s glacial Lake Agassiz beach ridges are recognized by The Nature
Conservancy, a non-profit conservation organization, as having significant existing and
potential biological diversity (Ostlie and Faust 1996). Incompatible land use along the
channels and in watersheds, however, has impaired their quality and function (Gagnon et
al 2004). The overall goal of The Nature Conservancy is to protect the biodiversity and
future health and sustainability of ecologically vital lands and waters and is therefore
active in implementing conservation and restoration projects. The problem lies in the fact
that before conservation and restoration measures can be implemented, the condition of a
stream must be determined. This explains the need for the development of a rapid
assessment which will create a standardized approach for evaluating the stability of
stream reaches for this specific beach ridge area, which presently does not exist.
Description of Minnesota’s Glacial Lake Agassiz Beach Ridges
The glacial Lake Agassiz beach ridges are a narrow strip of undulating
topography trending north and south (Figure 1), consisting of sand and gravel at the
surface and at shallow depths. It is approximately 130 miles long and has a maximum
width of 15 miles. The beach ridges were created on the edges of glacial Lake Agassiz,
which developed as the continental glaciers melted between 12,000 and 9,000 years ago
at the end of the Wisconsinan ice age (Teller and Leverington 2004). Glacial Lake
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Agassiz eventually drained and left behind a large lacustrine plain referred to as the Red
River Valley.
The beach ridges studied herein are located in western side of Minnesota, which
has a continental-type climate characterized by cold polar air during the winter and
prolonged periods of heat during the summer months (National Climatic Data Center
2007). This area receives two-thirds of its precipitation during the months of May
through September. This area’s normal annual precipitation is 22 – 23 inches per year
whereas the normal annual precipitation for the entire state of Minnesota ranges from 19
– 34 inches per year (MN DNR 2003). The region in which the glacial Lake Agassiz
beach ridges are located receives a mean annual snowfall of approximately 40 inches per
year (Minnesota Department of Transportation 2007).
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CHAPTER II
LITERATURE REVIEW
Stream Stability
Stream stability is important because when a stream is functioning at its best, it
performs a multitude of services, such as purifying water, regulating floods and droughts,
and maintaining habitat for fish, birds, and wildlife (Richter and Postel 2004). Although
the importance of stream stability is generally agreed upon, the definition of a stable
stream is not. Scientists have tried to describe exactly what stream stability is by using
different terms and various definitions. Davis (1902) refers to a stable stream as being
‘graded’ and explains it simply as the condition a mature river is in when it achieves a
balance between erosion and deposition. A half-century later, Strahler (1957) uses the
term ‘dynamic equilibrium’ to refer to a stream whose form and character does not
change during the inflow of water and sediment. Rosgen (1996) actually uses the term
‘stable stream’ and provides a definition that is a combination of the earlier two which is:
“the ability of a stream, over time, in the present climate, to transport the sediment and
flows produced by its watershed in such manner that the stream maintains its dimension,
pattern, and profile without either aggrading or degrading”. Lane (1955) presented
another explanation of stream equilibrium which took a slightly different approach by
being the first to recognize a relationship between four physical stream factors. Lane’s
concept states that the product of a stream’s discharge and its channel slope is directly
6

proportional to the product of bed material discharge and the average particle size in the
bed material. This relationship is significant because it also provides an explanation of
what may happen if a stream is out of equilibrium by one of the four factors changing
resulting in either aggradation or degradation. This in turn may affect the channel slope,
sediment load, and its meandering pattern until the stream can reach a new equilibrium
(Lane 1955, Easterbrook 1999).
Streams are constantly striving to achieve a balanced state to accommodate the
natural and anthropogenic influences affecting the amount of sediment and water entering
the system (The Izaak Walton League 2006). The cause of such physical changes can
range from loss of riparian buffer, fragmentation, or channel alteration. Unstable streams
experience a multitude of side effects including, but not limited to a loss of instream
habitat and protective vegetation, incision and inaccessibility to a floodplain, change in
channel dimensions, and bank failure. These become indicators to look for in determining
the condition of a stream, which are discussed more thoroughly in the following
paragraphs.
Stability Indicators
Instream Habitat
Instream habitat or habitat structure refers to the physical features in a stream that
provide a suitable environment for aquatic species to survive (Jowett 1997). Instream
habitat is a well-known stream characteristic and its importance is documented in the
scientific literature (Maddock 1999). Instream habitat affects the composition and
diversity of biological communities (Aadland 1993). Furthermore, particular physical
features like woody debris (Harmon 1986) and pools and riffles (Leopold 1994, Brown
7

and Brussock 1991, Lonzarich et al. 2000) are vital features that provide habitat for
various aquatic organisms and provide a necessary hydraulic resistance to water flow. No
criteria exist, however, for determining the necessary quantity and quality of the habitat
needed for biodiversity (Amis et al. 2007).
Riparian Buffers
Riparian buffers, or buffer zones, refer to trees, shrubs, or herbaceous vegetation
along a stream that buffer the effects of land use on a stream (The Izaak Walton League
2006). Buffer zones provide a wide range of services including filtering nutrients,
sediment, and chemicals from runoff, providing food and shelter to wildlife, reducing
streambank erosion and flood damage, and providing shade over the stream, which helps
moderate water temperature and increases oxygen capacity (Osborne and Kovacic 1993,
Tjaden and Weber 1997, Barden et al. 2003). Regional studies such as Lee et al. (2001)
have shown a direct relation between wooded riparian zones along Minnesota streams
and the stream’s IBI (Index of Biotic Integrity) score. Sovell et al. (2000) examined the
effects that grazed pastures and different riparian buffers had on water chemistry, benthic
macroinvertebrates, and fish. The results showed that fish diversity was related more to
the type of riparian buffers than grazing practices. Also, the amount of canopy cover did
not differ drastically between wooded and grass buffers.
Although there is scientific agreement that buffers are important, what is
considered an appropriate buffer is often vague and controversial. For this purpose, the
Environmental Protection Agency (2007) developed design standards for forested
buffers. Their standards depend on the stream order, percent slope, 100-year floodplain,
critical areas, and water pollution hazards. The EPA also requires that the buffer be
8

composed of three different zones. A three-zone riparian buffer (Figure 2) is exhibited as
having an undisturbed forested area closest to the stream, then a zone of managed
forested area, then a zone of grasses. The EPA further explains the purpose of each zone.
Zone 1 is intended to shade the water and stabilize the banks. Only footpaths, utility
right-of-ways, and flood control structures are allowed in this zone. The purpose of Zone
2 is to be a buffer between the streamside zone and upland development. Also, the soils
in this zone will help to trap excess nutrients. The vegetation in this zone should be
mature native vegetation. Zone 3 is intended to increase infiltration and water storage and
help absorb nutrients and runoff. This zone will also encourage the native vegetation
closer to the stream to thrive. The width of each zone is flexible and should be based on
the specific objective of the landowner or condition of the stream.

Figure 2: An illustration of a three-zone buffer. Modified from EPA 2007.

Access to Floodplain
A stream’s floodplain is defined by Leopold (1994) as the area surrounding a
river, which was created by the river and typically flooded during moderate flow events.
9

Note that an abandoned floodplain can be referred to as a terrace. Floodplains play an
important role in a stream system. They not only filter water and provide habitat to
wildlife (Ward et al. 2002, Rohde et al. 2006), but can store water during flood events
and release the water slowly and recharge groundwater (Lamontagne et al. 2005). During
high flows, a floodplain helps dissipate the energy by letting some of the water flow out
of the channel onto the adjacent land (Dodds et al. 2004, Ward and Trimble 2004).
Width to Depth Ratio
A stream’s width to depth ratio is the bankfull width divided by the mean bankfull
depth (Rosgen 1996). The width to depth ratio is a significant stream attribute in
Rosgen’s stream classification method. Rosgen (1996) suggests that the ratio is an
important element in determining stream stability because it is a sensitive indicator of the
stream’s ability to carry water and its energy within the channel. Channels with high
width to depth ratios are shallow and wide with most of the stress placed on the stream
banks. This can create more erosion, which then increases the ratio. Schumm et al. (1984)
compared width to depth ratios against slope and sediment depth for the Oaklimiter
Creek, Mississippi. The results indicated an inverse relationship between width to depth
ratios and slope, in addition to a relationship between sediment depth and channel depth.
Entrenchment Ratio and Degree of Incision
Another important stream attribute in Rosgen’s stream classification method is
entrenchment ratio. Entrenchment ratio is determined by the width of the flood prone
area of a stream divided by its bankfull width. Rosgen (1996) defines the flood prone area
as twice the maximum bankfull depth. The ratio reveals the extent of a stream’s incision
into its floodplain. Svec et al. (2005) used entrenchment ratio, along with stream slope,
10

bankfull width, watershed area, and width to depth ratio, in models to predict flow
duration of streams in eastern Kentucky. Svec et al. (2005) showed that many of the
streams in the region were categorized incorrectly as perennial, intermittent, or ephemeral
and were able to determine a set of guidelines for correct classification. Another indicator
similar to entrenchment ratio is degree of incision, which is determined by dividing the
channel’s water depth by its bank height, then expressing this ratio as a percentage
(Simon et al. 2007). The degree of incision therefore indicates how entrenched the
channel is into its floodplain. The more incised a stream becomes, the more it becomes
cut off from its floodplain. Consequently, if a flood event were to occur in an incised
channel, the water may not be able to disperse laterally over the banks and all the energy
from the water is forced to stay within the confines of the channel, increasing the
potential for erosion (Duan 2005).
Bank Stability
Bank stability can be complicated and involves many engineering properties, such
as the fluvial hydraulic force, gravity, the degree of saturation, the composition of bank
materials, and the geometry of the bank (Duan 2005). The USDA Agricultural Research
Service Sedimentation Laboratory offers a public-domain computer model that calculates
bank stability for multilayer stream banks. The model can take into account various field
data including pressure due to stream flow, soil reinforcement, and different soil layers
(USDA ARS, 2006).
When assessing soil and bank stability, bank vegetation also plays an important
role. However, the controversy remains as to which curbs stream bank erosion more,
trees or grass. Lyons et al. (2000) states that for agricultural regions, grassy riparian areas
11

are more effective in deterring bank erosion and help trap suspended sediments better
than wooded areas. Conversely, Stott (1997) asserts that trees can offer protection from
frost and therefore reduce bank erosion, but also states that in most situations other
factors have to be taken into account, including the composition of bank material, the role
of groundwater, and the tree and vegetation species.
Rosgen (1996) stresses that the ability for a stream to resist erosion depends on
seven factors: (1) the ratio of stream bank height to bankfull stage; (2) the ratio of
vegetation rooting depth to streambank height; (3) the amount of rooting density; (4) the
kind of materials that make up the streambank; (5) stratigraphy and presence of soil
lenses; (6) streambank angle; and (7) the presence of vegetation and debris to protect the
streambank. In addition, erosion also relates to the near bank stress and the presence of
depositional features (Rosgen, 1996). Rosgen (1996) uses most of these variables in his
Bank Erodibility Hazard Index (BEHI) to determine if a streambank has from a very low
to an extreme potential for erosion.
Sinuosity
The curvature of a stream is termed sinuosity (The Izaak Walton League 2006) or
ratio of the length of a stream to its valley length. Natural streams are continuously
migrating laterally through the process of degradation and aggradation. Whether the
stream is considered meandering, straight, or braided, it still has some degree of
sinuosity. The degree of curvature is important because it slows the movement of water
through the channel and consequently decreases the energy for erosion (The Izaak
Walton League 2006). Therefore, if a stream channel has no sinuosity because of
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channelization, all the energy from the water is forced down the channel with little to
decrease or disperse the energy.
There are many studies available in the scientific literature involving sinuosity.
The reports range from investigating the connection between sinuosity and channel
gradient (Miller 1988), to the relationship between sinuosity and fish habitat (Fukushima
2001), to using sinuosity as one of the parameters to determine paleohydrology
(Robertson-Rintoul and Richards 1993). In addition, sinuosity has been monitored to
observe the effect dam removals have on stream pattern (Evans et al. 2007), as well as indepth analysis on channel meandering (Lancaster and Bras 2002). Sinuosity is also one of
the criteria for delineating a Level II steam type in the Rosgen (1996) stream
classification method, a process that requires a morphological description of a stream to
address its sediment supply, sensitivity to change, and habitat potential.
Previous Work and Assessment Protocols
Much scientific literature exists on every aspect of stream morphology and
behavior. When confronting the prospect of stream restoration, protection, or land
management, one may become confused on how to begin assessing the situation. It is for
this reason in the last few decades that government agencies and conservation groups
have begun developing stream assessments to help identify problem reaches and possible
causes of stream instability (Bjorkland et al. 2001). Stream assessments are used to detect
stream response to natural or anthropogenic changes, establish reference reaches, or
prioritize mitigation (Bjorkland et al. 2001). There are many stream assessments
available, each with their own unique combination of stability indicators, stability
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parameters, and grading system (Table 1). Most are designed for use on wadeable
streams. The main features of each are as follows:
(1) Australia’s Index of Stream Condition (ICS) (Ladson et al. 1999). The ISC
was developed to assist managers at the state and regional levels in measuring the
condition of Australia’s waterways. The ISC has five mainstream condition components,
each with one to four subcomponents.
(2) EPA’s Rapid Habitat Assessment Form (Barbour et al. 1999). This assessment
technique consists of different assessment forms for high gradient stream and low
gradient streams. The latter form is the one listed in Table 1. The purpose of this
assessment is to provide other agencies and groups a basic and cost-effective biological
assessment method for lotic systems. Three protocols are presented for periphyton,
benthic macroinvertebrates, or fish assemblages in order to match the goal of the
evaluator.
(3) Rapid Stream Assessment Technique (RSAT) for Maryland’s Piedmont (Galli
1997). This assessment was developed for the growing need to identify channel erosion
and evaluate stream quality conditions for the Washington D.C. Metropolitan Area.
(4) United States Department of Agriculture’s (USDA) Stream Visual Assessment
Protocol (SVAP). Bjorkland et al. (2001) developed this technique to evaluate the
condition of aquatic ecosystems of wadeable streams in any geographical location. Many
of the other stream assessments use the USDA’s stream survey as a foundation in which
to develop their own assessments unique to their objectives. The advantage of this
assessment is that it is designed to be user-friendly so that it can be used by state agencies
as well as riparian land owners.
14

(5) Channel-Stability Ranking Scheme developed by Simon et al. (2007). This
assessment is qualitatively based in order for the user to determine stream stability
without making detailed measurements. The intent of this assessment is to determine the
level of instability and used in conjunction of channel evolution models (Schumm et al.
1984) so the results can be mapped to identify if the instability is localized or widespread.
(6) Harpeth River Watershed Association Site-Specific Stream Visual Assessment
(Bolze et al. 2001) was developed with the purpose of helping federal and state agencies
identify and prioritize stream segments that need water quality improvements. The
assessment requires both qualitative and quantitative measurements involving both
physical water characteristics and habitat quality.
(7) Unified Stream Methodology, US Army Corps of Engineers (Norfolk District)
and the Virginia Department of Environmental Quality (2007). This assessment is
designed for the Piedmont region of Virginia and is intended for use on stream projects
that will involve restoration or preservation. The USACE also has a second similar
assessment form for evaluation of stream restoration or enhancement proposals.
(8) Qualitative Habitat Evaluation Index (QHEI), Ohio EPA (2006). This
assessment, which is composed of seven physical stream attributes, is to be used in
together with the Index for Biotic Integrity (IBI) for understanding the physical and
biological condition of a stream reach.
(9) Channel Stability Evaluation and Stream Classification Summary (Pfankuch
1975) estimates the bank erodibility for a specified reach. The erodibility of a stream
segment indicates whether or not that segment is considered stable. The assessment is not
analytical but rather focuses on field observation of the reach’s upper and lower banks
15

and the stream bottom. When the evaluator fills out the assessment, the stability of the
stream is determined as excellent, good, fair, or poor.
All the assessments mentioned are different and unique in their own way. Some
are geared toward a specific geographic region and therefore would not work properly for
the Minnesota’s beach ridges. Others, for example the USDA’s stream protocol, were
purposely developed to be very general to suit different needs. In addition, the main goals
of the assessments range from evaluating aquatic ecosystems (Barbour et al. 1999), to
erosion characterization (Galli 1997), to assessing stream condition prior to implementing
federal projects (US Army Corps of Engineers 2007). As a result, none of the
assessments mentioned are entirely suited for the Minnesota glacial Lake Agassiz beach
ridge’s objective, which therefore necessitates a stream survey protocol specific for this
region.
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6. Tennessee - Visual Stream
Assessment
Riparian Zone
Bank stability
Canopy cover
Aquatic insect/ invertebrate habitat
Riffle & pool sedimentation
Water appearance/ characteristics
Nutrient enrichment
Channel condition

Hydrology
Physical form of banks
Streamside zone (vegetation condition)
Water quality
Aquatic life

1. Australia - ISC

7. US Army Corps of Engineers USM
Channel condition
Riparian buffer
Instream habitat/ available cover
Channel alteration

2. EPA - Rapid Habitat Assessment
Form
Epifaunal substrate/ available cover
Pool substrate characterization
Pool variability
Sediment deposition
Channel flow status
Channel alteration
Channel sinuosity
Bank stability
Vegetation protection
Riparian vegetation zone width

Table 1: Nine stream assessments and their primary indicators.

8. Ohio EPA - QHEI
Substrate
Instream cover
Channel morphology
Bank erosion & riparian zone
Pool/ glide, riffle/ run quality
channel gradient

3. Maryland - RSAT
Channel stability
Channel scouring/ sediment deposition
Physical instream habitat
Water quality
Riparian habitat conditions
Biological indicators

4. USDA
Channel condition
Hydrologic alteration
Riparian zone
Bank stability
Water appearance
Nutrient enrichment
Barriers to fish movement
Instream fish cover
Pools
Insect/ Invertebrate habitat
Canopy cover
Manure presence
Salinity
Riffle embeddedness
Macroinvertebrate habitat
9. Pfankuch - Stream Reach Inventory
and Channel Stability Evaluation
Bank slope
Mass wasting
Woody debris
Density of vegetation
Channel capacity
Bank rock content
Debris jam
Bank erosion
Point bar enlargement
Substrate shape
Substrate staining
Substrate imbrications
Substrate distribution & % moveable
Bed scouring & deposition
Presence of Algae

5. Simons, A. - Channel Stability
Ranking Scheme
Primary bed material
Bed/ bank protection
Degree of incision
Degree of constriction
Stream bank erosion
Stream bank instability
Est. riparian woody-vegetative cover
Occurrence of bank accretion
Stage of channel evolution

CHAPTER III
METHODOLOGY
Site Selection Process
Numerous sites were first identified using high-resolution aerial photos provided
by the Minnesota DNR (2004) within the Minnesota glacial Lake Agassiz beach ridges
(Figure 1). Nine sites were selected based on accessibility and wadeability. The sites
were distributed approximately from the upper to the lower reaches of the beach ridges to
include as much stream variation as possible (Figure 3 and Table 2). Local watershed
offices were contacted for information on some of the stream locations and landowner
identification. Private landowners were contacted to obtain permission for access.
Field Work
At each stream location, the first step was to identify the specific reach that would
be characterized in detail. A reach involving a minimum length of two meanders of the
stream (Rosgen 1996) was used for calculation. This was determined by first examining
aerial photos and then walking along the channel in order select a reach that was a good
representation of the stream in that particular area.
Surveying
Once the reach was identified, two cross-sections were taped off with stakes and
surveyed. The procedure followed for measuring the channel cross-sections was from
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(S-5)

(S-7)

(S-1)
(S-3)
LEGEND
Study Area
Streams
County Boundaries
(S-5) Black River

(S-9)

(S-2) Buffalo River
(S-4) Hay Creek
(S-1) Sand Hill River
(S-3) Sand Hill River
(S-7) Sand Hill River

(S-2)

(S-9) S. Branch of
(S-4)

Wild Rice River
(S-6) Whiskey Creek

(S-6)

0

5

(S-8) Whiskey Creek
(S-8)

10 Miles

Figure 3: Approximate locations reaches selected for measurement in western
Minnesota (map modified from MN DNR GIS dataset 2004).
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Table 2: Location of stream sites including watershed, county, township, location, and
remarks
Stream
Major
Site ID
Name
Watershed County Township
Location
Remarks
S-1

Sand Hill
River

Sand Hill

Polk

Garfield

T. 147 N., R.
44 W., Section
20, SW 1/4

Sand Hill
Wilderness
Sanctuary and
West Mill
Recreation
Area; west of
Fertile, MN

S-2

Buffalo
River

Buffalo
River

Clay

Riverton

T. 139 N., R.
46 W., Section
11 SW 1/4, &
Section 14 NW
1/4, SE 1/4

Buffalo State
Park; east of
Moorhead, MN

S-3

Sand Hill
River

Sand Hill

Polk

Liberty

T. 147 N., R.
45 W., Section
35 NW 1/4,
NW 1/4

Private land;
east side of
Road 30 west of
Fertile, MN

S-4

Hay Creek

Buffalo
River

Clay

Elkton

T. 138 N., R.
46 W., Section
1

Land owned by
TNC; northeast
of Downer, MN

S-5

Black River

Red Lake

Red Lake

Louisville

T. 151 N, R.
45 W, Section
28, SE 1/4, NE
1/4

State property;
Northeast of the
town of Huot,
MN

S-6

Whiskey
Creek

Buffalo
River

Clay

Barnesville

T. 137 N., R.
46 W., Section
21 NW 1/4

S-7

Sand Hill
River

Sand Hill

Polk

Liberty

T. 147 N., R.
45 W., Section
34 NE 1/4, NE
1/4

West of
Barnesville east
side of 120 St.
S.
Private land;
west of Road 30
west of Fertile,
MN

S-8

Whiskey
Creek

Buffalo
River

Clay

Barnesville

T. 137 N., R.
46 W., Section
26 NE 1/4

West of
Barnesville,
MN; south side
of Hwy 2;
private land

S-9

South
Branch of
Wild Rice
River

Wild Rice

Clay

Hagen

T. 142 N., R.
45 W., Section
16 SE 1/4, NE
1/4

Southeast of
Borup, MN;
private land
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Harrelson et al. (1994). For the narrower channels, measurements were taken every two
feet. For the wider channels, measurements were taken every three feet. At each crosssection, latitude and longitude were recorded using a hand-held GPS navigator. The
survey equipment included an EAGL 1 self-leveling laser level and 200-foot measuring
tape. The surveying required two people, one to read off the surveying rod and the other
to record the data in a field notebook. Bankfull levels were also identified at each crosssection. Bankfull is the effective discharge that largely influences the form of alluvial
channels (Leopold 1994). Only one of the stream sites was located at a USGS gaging
station, therefore determining bankfull stage with discharge information was not
available for most of the streams.
Pebble Counts
After the cross-sections were surveyed, a pebble count (Wolman 1954) was
completed. The pebble count consisted of tabulating the intermediate width class (in mm)
of 100 pebbles. This was done by following the procedure provided by Harrelson et al.
(1994), with the exception of using the zigzag method (Bevenger and King 1995) instead
of traversing back and forth along the cross-section. By using the zigzag course, it
allowed sampling of all the streambed features. Each transect started and stopped at the
same bankfull elevation point. The diameter of each pebble was recorded in one of 23
diameter classes based on the Wentworth scale, where successive classes are twice the
diameter of the previous class. The form used to record the pebble diameters is similar to
the pebble count form provided by Rosgen (1996) (Figure 4). The data were then plotted
on a log-normal graph to determine the cumulative percent in order to determine the
“d50” index diameter (see Appendix B). D50, or measured mean particle diameter,
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indicates that 50% of the sampled particles are equal to or finer than that diameter.
Overall, pebble counts can be useful indicators in evaluating or determining stream
classification, sediment transport, stream hydraulics, and sediment sources (Rosgen
1996).

Pebble Count Recording Sheet
Date
Reach Location
Size Range
Material
(mm)
silt/clay
0-0.062
very fine sand 0.062 - 0.125
fine sand 0.125 - 0.25
medium sand 0.25 - 0.05
corse sand
0.5 - 1
very coarse sand
1.0 - 2.0
very fine gravel
2 -4
fine gravel
4.0 - 6.0
fine gravel
6.0 - 8.0
medium gravel
8 - 11.0
medium gravel
11 - 16.0
coarse gravel
16 - 22.0
coarse gravel
22 - 32.0
very coarse gravel
32 - 45.0
very coarse gravel 45 - 64.0
small cobble
64 -90.0
medium cobble 90 - 128.0
large cobble 128 - 180.0
very large cobble 180 - 256.0
small boulder 256 - 362.0
small boulder 362 - 512.0
medium boulder 512 - 1024.0
large boulder 1024 - 2048.0
very large boulder 2048 - 4096.0
Total Particle Count

Count

% Cumulative Count

% Cumulative

Figure 4: Field form for pebble count recording and analysis (modified from
Rosgen 1996).
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Estimating the Calculated Mean Particle Diameter
In addition to determining the measured mean particle diameter (MPD), the
minimum diameter for a particle that would be transported by a stream, given bankfull
depth and the slope of the water surface, was also determined for each surveyed reach.
This is done by first estimating stream traction, the force exerted by flowing water per
unit area that can move sediment in a stream channel. Traction is expressed as:
τo = ρ g d s
where τo is traction, ρ is the density of water, g is gravitational acceleration, d is the
bankfull depth, and s is the bed slope. Since the product of mass density of water and
gravitational acceleration equals the specific weight of water, traction is also expressed
as:
τo = γ d s
where γ is the specific weight of water (62.4 lbs/ft3 or 9,807 N/m3). For the purposes of
this project, traction is expressed in the SI units of Pascals or Newtons per square meter.
Older hydrological literature may use and refer to units of kilogram-force per unit area;
one kilogram-force per square meter is approximately 10 Pascals or 10 Newtons per
square meter.
Once traction is calculated, it can be used in conjunction with Figure 5 to
determine the calculated mean diameter of bed material that will erode. Since, the
measured MPD is equal to the d50 from a pebble count. Ideally, the measured d50 should
fall into the calculated MPD range estimated from the traction equation and Figure 5. If
the measured MPD falls out of this range of the calculated MPD, then this can be an
indication of excessive erosion or deposition.
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Upper Limit

Lower Limit

Mean Diameter Bed Sediment (mm)

1000

100

10

1

0.1
0.1

1

10

100

1000

Traction (N/m2)

Figure 5: A chart depicting the use of traction to determine the size of bed material
that will erode (modified from Ward and Trimble 2004).

Sinuosity and Slope
Longitudinal profiles of each stream reach were not surveyed; therefore, sinuosity
was determined by using high-resolution USDA Farm Service Agency aerial photos
provided by the Minnesota DNR GIS Data Deli (2004). It was estimated by using the
ratio of the length of a stream reach to its valley length. Slope was established by using
USGS 7.5 minute topographic maps to measure the change in elevation across a reach
and then dividing it by the distance of that change.
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Although important to a stream’s overall health and stability, water quality and
biological sampling were beyond the scope of this project and therefore were not
determined.
Bankfull Measurements
Throughout the field work performed on the nine different stream reaches,
bankfull elevations had to be determined at each of the cross-sections. At this particular
stage, the bankfull discharge is considered to be influential on channel formation (Dunne
and Leopold 1978) and is suggested to occur approximately every 1.5 years (Leopold
1994, Johnson and Heil 1996). Bankfull is also explained as the level of the water before
it flows over the channel banks and onto the floodplain (Rosgen 1996) (Figure 6). These
data are utilized in equations that are commonly used to discuss and evaluate stream
characteristics (Rosgen 1996), determine bankfull discharge (Leopold 1994), and
evaluate the changes in streams due to natural or anthropogenic influences (Riedel et al.
2005). For the purpose of this project, bankfull elevations were used to determine the
width to depth ratio, entrenchment ratio, and streambank characteristics at each reach.
There exists extensive advice on how to identify bankfull levels in the field.
Harrelson et al. (1994) suggests looking at topographic breaks along the stream banks,
water stains on boulders, changes in vegetation, or using the height of depositional
features such as pointbars. Leopold (1994) recommends not only trying to identify the
aforementioned indicators, but using a reach that is about 20 channel widths long and
flagging as many of the indicators as possible, then survey and plot the elevation of the
points to give the best estimate of bankfull stage. All of this information was used when
trying to identify bankfull at each of the cross-section; however, it was still difficult to
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determine bankfull elevations, especially on stream reaches that exhibited excessive
slumping and erosion.

Figure 6: Basic stream cross-section depicting bankfull.

In the past couple of decades, studies have been done on the difficulties and
problems identifying bankfull elevations. Simon et al. (2007) discusses that the
definition of bankfull is confusing and not applicable to all streams. Gorden et al. (1992)
provided four different situations where bankfull levels could be hard to determine and
would be very subjective when: (1) the tops of the banks are not at the same height, (2)
the stream reach is unstable, (3) there is not an apparent break between the top of the
stream bank and the floodplain, and finally (4) the reach is complicated by multiple levels
of benches and terraces. Johnson and Heil (1996) explained further that bankfull
elevations may not even exist in unstable streams. In these situations, there is too much
erosion and incision or deposition and widening that the channel is not allowed to
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develop an average bankfull elevation because water–surface elevations are always
changing (Simon et al 2007). In addition, unstable streams may lack depositional features
(Simon et al 2007) and may not be able to access its floodplain (Johnson and Heil 1996).
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CHAPTER IV
RESULTS
Data Analysis
Initial Stability Ranking
Field data from the nine surveyed stream sites (each with a unique identification
number to distinguish different reaches on the same stream) are given in Table 3.
Included with the field data is a subjective ranking of very good, good, fair, and poor
stability for each surveyed stream. This was an initial estimate of the physical stability of
each reach based on the definition in Table 4. The primary focus of these definitions is on
how close the target is to a natural, productive stream and how sensitive the target is to
degradation by a random event, such as a flood (The Nature Conservancy 2005). In
addition, these definitions allow for some degree of variation to occur. This is important
because streams are a dynamic system. They are continually changing and evolving. For
instance, through the natural process of erosion and deposition, streams migrate laterally
and create a sinuous pattern rather than a straight one. This would be part of that variation
that occurs with a natural, functioning stream. A stream may become instable due to
changes in a stream’s ecosystem, however, which may deteriorate its physical integrity
beyond the scope of a natural, functioning stream and may require human intervention to
help minimize the disturbance and steer the stream back to a sustainable and balanced
state.
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Table 3: Physical habitat data collected from the field, high resolution aerial
photos, GIS, and GPS (page 1 of 2).
Reach name

Sand Hill River

Buffalo River

S-1

S-2

Reach ID

Very good

Stability rating

Very good

Cross-section

1

2

1

2

Rosgen

F5

F5

F5

B5c

Latitude N 47° 31.823

N 47° 31.837

N 47° 51' 45.44"

Longitude W 96° 17.616

W 96° 17.647

W 96° 27' 48.65"

W 96° 27' 45.04"

1.6

2.0

0.0040

0.0025

Sinuosity
Slope

N 46° 51' 45.69"

Width-depth ratio (ft/ft)

15.9

15.0

13.3

15.0

Entrenchment ratio (ft/ft)

1.3

1.1

1.3

1.5

Degree of incision (%)

33

40

26

6

# of instream habitats
Avg. width of riparian buffer (ft)

200

42
5

200

200

200

Type of riparian buffer

forested

forested

Surface Protection (%)

75-80

80

Root Density (%)
Root depth (ft)

75

75

4-5.0

4.0

Root depth/ bank height (ft/ft)

0.7

0.6

0.7

0.7

Bank height/ bankfull height (ft/ft)

2.75

2.44

1.50

1.20

30.0 - 50.0

30.0 - 50.0

1.7

11.0

Sand Hill River

Hay Creek

Range of calculated MPD (mm)
Measured MPD (d50 in mm)
Reach name
Reach ID
Stability rating
Cross-section

1

Rosgen

F5

S-3

S-4

Good

Good
2
F5

Latitude N 47° 30.702
Longitude W 96° 21.800

2

E5

N 47° 30.733

N 46° 47.902

W 96° 22.794

W 96° 25.278

1.4

Sinuosity

0.0012

Slope

26.4

Entrenchment ratio (ft/ft)

1.4

1.3

Degree of incision (%)

21

22

5.8

Surface Protection (%)
Root Density (%)
Root depth (ft)

5.8
N/A-too large

63

3
350

W 96° 26.305
0.0012

25.8

# of instream habitats

E5
N 46° 47.455
1.0

Width-depth ratio (ft/ft)

Avg. width of riparian buffer (ft)
Type of riparian buffer

1

32
4

350

500+

500+

forested

managed grassland

60

90

30

40

3.0-4.0

2.5

Root depth/ bank height (ft/ft)

0.6

0.5

0.8

0.7

Bank height/ bankfull height (ft/ft)

4.35

4.93

1.00

1.00

Range of calculated MPD (mm)
Measured MPD (d50 in mm)

5.0 - 8.0

8.0 - 12.0

0.675

0.5
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Table 3: Physical habitat data collected from the field, high resolution aerial photos, GIS, and
GPS (page 2 of 2).
Black River

Whiskey Creek

Reach ID

S-5

S-6

S-7

Stability rating

Fair

Fair

Poor

Reach name

Cross-section
Rosgen

Sand Hill River

1

2

1

2

1

2

B5c

B5c

C5c-

C5c-

B5c

F5

Latitude N 47° 52.002

N 47° 52.076

N 46° 40.619

N 46° 40.618

N 47° 30.724

N 47° 30.691

Longitude W 96° 25.220

W 96° 25.026

W 96° 32.752

W 96° 32.630

W 96° 21.981

W 96° 22.118

Sinuosity
Slope

1.1

1.0

1.8

0.0020

0.0011

0.0015

Width-depth ratio (ft/ft)

11.8

15.1

17.4

11.1

19.2

28.9

Entrenchment ratio (ft/ft)

1.8

1.7

3.6

5.5

1.7

1.4

Degree of incision (%)

30

37

12

11

21

# of instream habitats
Avg. width of riparian buffer (ft)

25

2

3
200

200

2

Type of riparian buffer

forested

25-100
25-100
unmanaged, only non-woody

0

0

Surface Protection (%)

20

30

Root Density (%)

50

20

10

Root depth (ft)

4

<1

<1

grazed pasture
10

Root depth/ bank height (ft/ft)

0.6

0.6

0.1

0.2

0.2

0.2

Bank height/ bankfull height (ft/ft)

2.05

1.71

2.71

3.83

3.89

2.82

Range of calculated MPD (mm)

15.0 - 25.0

4.0 - 7.0

6.0 - 10.0

1.7

0.5

0.675

Whiskey Creek

S. Branch of Wild Rice River

Measured MPD (d50 in mm)
Reach name
Reach ID

S-8

S-9

Stability rating

Poor

Fair

Cross-section
Rosgen

1

2

1

2

G5c

E5

B4c

B4c

Latitude N 46° 39.515

N 46° 39.517

N 47° 06.839

Longitude W 96° 26.742

W 96° 26.777

W 96° 23.366

Sinuosity

1.5

Slope

N 47° 06.812
W 96° 23.580
1.5

0.0022

0.0021

Width-depth ratio (ft/ft)

9.9

6.0

38.5

70.5

Entrenchment ratio (ft/ft)

1.4

2.3

1.5

1.7

9

14

13

Degree of incision (%)
# of instream habitats

1-2

10
2

Avg. width of riparian buffer (ft)
50
50
Type of riparian buffer mostly non-woody veg, few trees

0-100
0-100
most non-woody veg. with

Surface Protection (%)

20

10

Root Density (%)

20

10

Root depth (ft)

<1

2

Root depth/ bank height (ft/ft)

0.1

0.1

0.1

0.1

Bank height/ bankfull height (ft/ft)

4.61

2.72

3.07

15.16

Range of calculated MPD (mm)
Measured MPD (d50 in mm)

8.0 - 15.0

8.0 - 15.0

0.5

13
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Table 4: Explanation of stability ranking provided by The Nature Conservancy (2005).
Very Good
Good
Fair
Poor

The stream is functioning within an ecologically desirable status, requiring
little human intervention for maintenance within the natural range of
variation.
The stream functions within its range of acceptable variation, although it
may require some human intervention for maintenance.
The stream lies outside of its range of acceptable variation and requires
human intervention for maintenance. If unchecked, the stream will be
vulnerable to serious degradation.
The stream lies outside of its range of acceptable variation and requires
human intervention for maintenance. If unchecked, the stream will be
vulnerable to serious degradation.

The purpose of giving each reach an initial ranking of stability was to aid in
grouping the surveyed streams into preliminary categories to analyze and compare their
physical attributes. This ranking scheme was also used in this project in the final rapid
stream assessment, SAMBR (Appendix C), to help the user rate each stability indicator
and formally determine the overall physical integrity of the stream reach.
At all of the nine surveyed stream locations, two cross-sections were surveyed.
This is indicated in Table 3. The measurements from the cross-sections were used to
determine the water depth, bank height, bankfull height, bankfull width, floodprone
width, width to depth ratio, the entrenchment ratio, and the degree of incision.
Rosgen Level II Morphological Classification
At each of the cross-sections, the stream was categorized using Rosgen’s (1996) stream
classification method. The objective of Rosgen’s method is to classify a stream based on
its channel morphology. This provides consistent and reproducible descriptions and
assessments that enable us to infer stream conditions and behavior. The method uses a
hierarchical assessment that involves four different levels. The first level is the most basic
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and is determined using the physical channel attributes such as channel gradient, shape,
and pattern. Level II is more specific by combining information from Level I and
combining information on the stream’s entrenchment ratio, width to depth ratio,
sinuosity, and dominant channel materials. Level III and Level IV are used to describe a
stream’s condition and potential, in addition to developing empirical relationships.
Classifying the stream reaches according to Level III and IV are not necessary for this
project and therefore are only classified to Level II.
Rosgen (1996) developed a key to the classification of natural rivers similar to
Figure 7, which was used with the appropriate information in Table 3 to classify the
stream reaches. It utilizes channel information, including entrenchment ratio, width-todepth ratio, and sinuosity, to determine stream type (Level I). Using the channel gradient
and
substrate material, a more specific classification is determined (Level II). Site
classification nomenclatures consist of a capital letter designating the stream type
followed by an integer representing dominant substrate, which in some cases, is followed
by a lower-case letter differentiating between slope ranges.
The surveyed streams in the Minnesota’s glacial Lake Agassiz beach ridges
ranged in stream types of B4c, B5c, C5c-, E5, F5, and G5c (Table 3). B-type streams
display low sinuosity and moderate entrenchment, in addition to displaying rapids and
scour pools (Rosgen 1996). The B4c designation indicates streams have channel beds
mainly composed of gravel and B5c indicate sand as the dominant channel material. The
reference reach on the Black River (S-5) along with one of the cross-sections on the
Buffalo River (S-2) and one of the cross-sections on the Sand Hill River (S-7) were
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classified as B5c. Both cross-sections measured on the South Branch of the Wild Rice
River (S-9) were determined to be B4c.
SINGLE - THREAD CHANNELS
ENTRENCHMENT
RATIO

Mod. Entrenched:
ratio 1.4 - 2.2

Entrenched: ratio < 1.4

WIDTH TO DEPTH
RATIO

Low W/D: ratio < 12

Slightly Entrenched: ratio > 2.2

Mod. -High W/D:
>12

Moderate W/D ratio: >12

Very Low W/D
ratio: >12

Mod. To High W/D ratio:
>12

SINUOSITY

Low Sinuosity:
< 1.2

Mod. Sinuosity:
>1.2

Mod. Sinuosity:
>1.2

Moderate Sinuosity: > 1.2

High Sinuosity:
> 1.5

High Sinuosity: >1.2

STREAM TYPE

A

G

F

B

E

C

SLOPE

> 0.10

0.04 0.099

0.020.039

< 0.02

0.020.039

< 0.02

0.040.099

0.020.039

<0.02

CHANNEL
MATERIAL
Bedrock
Boulders
Cobble
Gravel
Sand
Silt/ Clay

A1a+
A2a+
A3a+
A4a+
A5a+
A6a+

A1
A2
A3
A4
A5
A6

G1
G2
G3
G4
G5
G6

G1c
G2c
G3c
G4c
G5c
G6c

F1b
F2b
F3b
F4b
F5b
F6b

F1
F2
F3
F4
F5
F6

B1a
B2a
B3a
B4a
B5a
B6a

B1
B2
B3
B4
B5
B6

B1c
B2c
B3c
B4c
B5c
B6c

0.020.039

< 0.02

E3b
E4b
E5b
E6b

E3
E4
E5
E6

0.020.039

0.0010.02

<0.001

C1b
C2b
C3b
C4b
C5b
C6b

C1
C2
C3
C4
C5
C6

C1cC2cC3cC4cC5cC6c-

Figure 7: Classification key for natural single thread streams (modified from Rosgen
1996). Key for multiple channel streams is not included.
A “C” type is characterized as a meandering stream with a well-developed
floodplain. Streams in this category often display sequences of riffles, pools, and point
bars. Furthermore, the presence and condition of the surrounding vegetation often
influenced streams of this category (Rosgen 1996). A “C5” would indicate sand as the
stream’s dominant bed material; only the two cross-sections representing reaches on
Whiskey Creek (S-6) were determined to be C5c-.
An “E” stream type is identified by its low sinuosity and low width to depth
ratios. This stream type is present in various geologic situations including meadows,
deltas, and alluvial valleys. E streams tend to be relatively stable and can handle high
quantities of sediment discharge (Rosgen 1996). A stream with sand as its primary bed
material is considered an E5. Both cross-sections on the Hay Creek (S-4) and one crosssection at site ID S-8 on the Whiskey Creek were determined to be E5s.
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A stream delineated as F5 is considered deeply entrenched, and tends to have
riffles and pools and terraces. Often an F stream is striving to create balance with a new
floodplain within the confines of its channel. Stream bank erosion can be a great potential
for these types of streams due to their entrenched nature (Rosgen 1996). F5 was the most
common classification category throughout the nine measured streams. Sand Hill River
(S-1), Sand Hill River (S-3), and one cross-section on the Buffalo River (S-2) and Sand
Hill River (S-7) classified as F5s.
A “G” stream type is describes streams that are entrenched and referred to as
gullies. The banks are constantly eroding causing these streams to carry large amounts of
bedload. A G5c stream indicates that the streams channel is dominated by sand and has a
low gradient, in addition to being very sensitive to channel disturbances (Rosgen 1996).
The only G5c was located at a cross-section on the Whiskey Creek (S-8).
Width to Depth Ratio and Entrenchment Ratio
A width to depth ratio and entrenchment ratio was calculated on each of the
surveyed cross-sections (Appendix A) on all the nine surveyed reaches (Table 3). The
width to depth ratios ranged in values from 6.0 to 70.5. In the stream assessment
developed by Pfankuch (1975) width to depth ratios would be smaller (approximately 7
to 15) for the stable stream reaches and that the more unstable a reach, then larger the
width to depth ratio. Unfortunately, no trend is apparent throughout the surveyed reaches.
The same situation occurs with the entrenchment ratio. The initial hypothesis was
that unstable streams would have a smaller entrenchment ratio (<1.4) and that stable
streams would have slightly larger ratios with values approximately at 2.2. However,
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with calculated values ranging from 1.1 to values too large to determine, there was no
obvious trend throughout the surveyed reaches (Table 3).
A possible reason for the variation in width to depth ratios and entrenchment
ratios could be that these ratios are calculated from bankfull elevations. Bankfull was
difficult to determine on the unstable streams due to slumping and excessive erosion. In
addition, it is difficult to determine how accurate the recorded bankfull elevations are
because there is no discharge data or measurements from previous works available for all
or most of the stream reaches.
Degree of Incision
Degree of incision was determined at each of the cross-sections on all of the
reference reaches by calculating the ratio of the depth of the water to the lowest bank
height at that cross-section and converting the ratio to a percentage. Most of the values
are equal to 44 % or less, except for one of the cross-section on Hay Creek (S-4) which
had a value of 63% (Table 3). In the stream assessment constructed by Simon et al.
(2007) the more stable streams should have values in the range of 50% or higher and the
less stable streams would have values of 50% or less. However, all but one of the
surveyed reaches had much lower values than expected, indicating that almost all of them
are incised. The reason for this could be due to the region’s geomorphology. First, as
these streams flow west toward the Red River, they come out of the beach ridge complex
and onto the Lake Agassiz lake plain, dropping significantly in elevation. This causes an
increase in the velocity of water flow and may create headcutting and erosion that
migrated up stream. Second, these reaches occur in beach ridges that are composed of
mainly sand and gravel, producing a potential for erosion.
35

Number of Instream Habitats
Table 3 shows that the more stable a stream the greater the number of instream
habitats. The habitats observed include boulders and cobbles, riffles, pools, stable wood
debris, undercut banks, vegetated or overhanging banks, rootmats, and oxbows or
backwaters. The most stable reaches such as the Sand Hill River (S-1) and the Buffalo
River (S-2) predominately display five or more instream habitats. Unstable reaches such
as Whiskey Creek (S-8) do not exhibit more than one or two instream habitats.
Width and Type of Riparian Buffers
In addition to instream habitats, there was trend observed in the width and type of
riparian buffers of the reference reaches (Table 3). The average widths of the buffers
surrounding the stable reaches were much larger than that of the unstable reaches.
Reaches ranked as good and very good, such as the Sand Hill River (S-1, 2), Buffalo
River (S-2), and Hay Creek (S-4), have buffers of 200 feet or more. However, fair or poor
stability reaches such as the Whiskey Creek (S-6, 8), Sand Hill River (S-7), and the South
Branch of the Wild Rice River (S-9) have average buffers of 100 feet to no buffer at all.
The only exception was the Black River, which initially ranked as fair stability, has an
average buffer of 200 feet because it is protected on state land.
In addition to the width of the buffer, it was observed that the type of buffer
maybe another characteristic of stream stability. The very good and good stable stream
reaches are in areas that are predominately considered forested with the exception of Hay
Creek (S-4) that crosses managed prairie grassland. Both the Sand Hill River (S-1) and
the Buffalo River (S-2) have a mature forested riparian buffer. This is because the Sand
Hill River (S-1) flows through the city of Fertile’s Sand Hill Wilderness Sanctuary and
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West Mill Recreation Area and the Buffalo River (S-2) lies within Buffalo River State
Park. Reach S-3, which is also located on the Sand Hill River, consists of mature trees,
shrubs, and grasses. This is located on private land and fenced off, but does not appear to
be used for grazing or any other purpose.
The fair to poor stability stream reaches vary in the type of riparian environments
that surround them. The Black River (S-5) is ranked as having fair stability. It is forested
and is left to evolve naturally similar to the reaches previously mentioned, perhaps as a
result of its ownership by the state and predominantly recreational use. However,
Whiskey Creek (S-6) is ranked as fair stability and has a very small buffer that is made
up of only grasses and invasive weeds with no protection from erosion or flooding. Reach
S-7 (Sand Hill River) is ranked as having poor stability, with no buffer at all because it
flows though a grazed pasture. Reaches S-8 (Whiskey Creek) and S-9 (South Branch of
Wild Rice) are similar because their buffers are composed predominately of grasses with
very few trees and are very close to agricultural activities.
Streambank Characteristics
Other streambank characteristics data shown in Table 3 (surface protection (%),
root density (%), root depth (ft), the ratio of root depth to bank height, and the ratio of
bank height to the bankfull height) are used to determine the potential for bank erosion.
Although bank erosion is a natural process, accelerated rates of erosion can cause serious
degradation to a stream. These measurements were determined using Figure 8 as a guide,
which is provided by the EPA’s (2006) Watershed Assessment of River Stability and
Sediment Supply (WARSSS) website.
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Figure 8: Diagram of BEHI streambank characteristics taken from the EPA’s (2006) BEHI
variable worksheet #2.
Within the streambank characteristics there are general trends that can be
observed. For example, with surface protection, root density and root depth, it appears
that the more stable stream reaches have more protection provided by vegetation. This
may indicate that the amount of vegetation protecting the streambanks and the root
characteristics of that vegetation could be an attribute of physical stability.
There is also a general trend with the ratio of riparian vegetation rooting depth to
bank height. This ratio is one of many variables explained by Rosgen (1996) to aid in
resisting streambank erosion. The very good, good, and fair stability stream reaches have
slightly higher values than the reaches in poor stability. However, the maximum range in
value only differs by a seventh of a tenth.
The second ratio, the ratio of streambank height to bankfull height, does not
appear to follow ant type of trend. The values range from 4.93 at a cross-section on the
Sand Hill River (S-3) to 1.00 on the Hay Creek (S-4), both of which are in good stability.
There is also one value of 15.16, which is much larger than the rest, taken at a crosssection on the South Branch of the Wild Rice (S-9). This ratio does take in account
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bankfull level, which may be a possible reason why the values fluctuate because bankfull
was difficult to determine on the unstable streams due to slumping and excessive erosion.
Calculated and Measured Mean Particle Diameter (MPD)
The measured MPD does not fall into the calculated MPD ranges for any of the
reference reaches, except for one, the South Branch of the Wild Rice (S-9). There are two
possible explanations why the mean particle diameters did not match up, even for the
stable stream reaches. First, all of the reference reaches may actually be carrying more or
less sediment than what they can handle. Second, the discrepancy may lie in the method
used to estimate the measured and calculated MPD. As previously mentioned, the pebble
counts (Appendix B) were performed using a zigzag course with each transect starting
and stopping at the same bankfull elevation point. Therefore, when traction was
calculated, bankfull water depth was used instead of the general channel water depth.
There is no rule available that dictates what water level should be used when relating the
data to actual pebble counts. In addition, bankfull elevations was an important factor
when performing the pebble counts and computing tractive forces, but accurate bankfull
levels were often difficult to determine especially on the unstable stream segments.
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CHAPTER V
DISCUSSION AND APPLICATION
Proposed Stream Assessment
SAMBR
After the field work and data analysis was performed, a final rapid reconnaissance
method was developed (Appendix C). It is referred to as the Stream Assessment for
Minnesota’s Beach Ridges (SAMBR) and includes seven qualitative and quantitative
stream stability indicators. Overall, it is based on an integrated numerical scoring and
qualitative ranking survey which includes very good, good, fair, and poor physical
stability.
The seven indicators chosen for this assessment were based on the trends
observed in Table 3 and the overall goal of this project, which is to aid in preserving
beach ridge streams and their potential for biodiversity. Additionally, the indicators
chosen had to be easily and rapidly measurable on wadeable streams and applicable to
this part of Minnesota. The seven indicators included in the assessment are: (1) instream
habitat, (2) riparian buffer, (3) access to floodplain, (4) sinuosity, (5) degree of incision,
(6) bank stability, and (7) mean particle diameter and channel material.
Instream habitat, riparian buffer, and access to floodplain are the indicators that
are the most important to the success of aquatic species, wildlife, and native vegetation
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and are the most visually based. These indicators can be assessed by walking along the
stream reach and observing its surroundings.
Sinuosity, degree of incision, bank stability, and mean particle diameter (MPD)
are the more quantitative indicators. Sinuosity can be determined by analyzing high
resolution aerial photos or by surveying a longitudinal profile of the stream reach
(Harrelson et al. 1994). Degree of incision and bank stability are evaluated at a crosssection along a run in the stream reach. Finally, to determine the mean particle diameter,
a pebble count must be performed in order to estimate the measured MPD. Traction then
needs be determined by measuring bankfull depth along the cross-section and calculating
slope, which can be obtained from a surveyed longitudinal profile of the reach or from
examining a topographic map of the stream. Traction is then used with the chart provided
in the assessment from Figure 5 to determine the calculated MPD, which is compared to
the measured MPD. The dominant channel material information needed for the
assessment can also be obtained from the pebble count.
Each of the seven indicators in the assessment can score a maximum of twelve
points. The number twelve is arbitrary and used only because it can be easily divided by
four or three, the number of qualitative categories of very good, good, fair, and poor in
which the indicators are scored upon.
Analytical Hierarchy Process
The scoring for each of the stability indicators in SAMBR was determined using
an analytical hierarchy process (AHP) (Saaty and Vargas, 1991). This is significant
because this allows some of the indicators that are more important to carry a greater
weight when determining stream integrity. SAMBR is unique because this process has
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apparently never been done in any other stream assessment. Out of the nine previously
mentioned available stream assessments (Chapter 2), four assessments (Pfankuch 1975,
Galli 1997, Ohio EPA 2006, U. S. ACE 2007) do attempt to put more value on the more
important indicators within their surveys. Yet, none of them explain how and why the
scoring was chosen, making it appear arbitrary.
AHP is a decision-making approach where a problem is separated into its
components, the components are then arranged in a hierarchical order, compared to one
another based on importance, assigned a numerical value where weights can be
determined for each of the components. Table 5, 6, and 7 show how this process was
done for the seven stream stability indicators that are assessed in SAMBR.
The first step in AHP is break down the seven indicators into a hierarchy and
decide the relative importance of the attributes by comparing each pair and then ranking
them on the following scale in Table 5.
Table 5: Scale for comparing attributes for AHP (Saaty and Vargas 1991).
1 Both attributes are equal importance
3 Attribute on horizontal axis is slightly more important than the attribute
on the vertical axix
5 Attribute on horizontal axis is moderately more important than the
attribute on the vertical axix
7 Attribute on horizontal axis is significantly more important than the
attribute on the vertical axix
9 Attribute on horizontal axis is much more important than the attribute on
the vertical axix
Reciprocals For inverse comparison
Assigning values to our attributes, matrix A (Table 6) is obtained. Since the
overall objective of this assessment is to be a tool used in the conservation and
preservation of biodiversity in the Minnesota glacial Lake Agassiz beach ridges,
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Table 6: Matrix A displaying the pairwise comparison which established priorities
among the stream stability attributes.

A
Instream
habitat
Riparian
buffer
Access to
floodplain
MPD/
channel
material
Bank
stability
Sinuosity
Degree of
incision

Instream
habitat

Riparian
buffer

Access to
floodplain

Bank
stability

Sinuosity

Degree of
incision

3

MPD/
channel
material
5

1

1

5

7

7

1

1

3

3

3

5

5

1/3

1/3

1

3

3

5

5

1/5

1/3

1/3

1

1

3

3

1/5

1/3

1/3

1/1

1

3

3

1/7

1/5

1/5

1/3

1/3

1

1

1/7

1/5

1/5

1/3

1/3

1/1

1

“instream habitat” is considered the most important attribute followed by “riparian
buffer” both of which are necessary for creating and protecting the ecosystem. “Access to
floodplain” was decided to be the third most important attribute because flooding is
essential to sustaining the floodplain’s biological community, in addition to creating
aquatic habitats within the channel by scouring out pools and creating woody debris
(Bjorkland et al. 2001). “Mean particle diameter and channel material” along with “bank
stability” were considered equally important, but less important than “access to
floodplain” and strongly less important than “instream habitat” and the presence of
“riparian buffers”. This is because MPD is an indicator to the type of channel material
present, such as gravel, boulders and cobbles that can provide protection and living space
for aquatic species. Bank stability is also important for a stream to resist erosion (Rosgen
1996) and without this resistance, habitat variability and enhanced biodiversity can
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perhaps be destroyed or eroded away. “Sinuosity” and “degree of incision” were rated
equally important but less important than the other five attributes and much less
important than “instream habitat” and the presence of “riparian buffers”. This is due
because both sinuosity and degree of incision are important factors of physical stability,
but in a pairwise comparison they can not be justified as being the key attributes in
relation to the survival of an ecosystem.
To determine the weights, each cell is normalized with respect to the column (for
the instream habitat column, for example, the entry 1 is divided by 1 + 1 + 1/3 + 1/5 + 1/5
+ 1/7 + 1/7) or 0.33. This gives matrix B (Table 7).
The weights will be the average of the row. In this example, instream habitat takes
on about 33% of the weight, riparian buffer about 26%, access to floodplain 17%, MPD
and channel material 8%, bank stability 8%, sinuosity 4%, and degree of incision 4%.
Finally, the consistency of judgment needs to be evaluated by calculating the
consistency ratio (CR). The consistency ratio is as follows:
CR = CI/RI
where CI is the consistency index and RI is the random index. CI is calculated by first
developing the consistency measure for each row in matrix B (Table 7). This is done by
multiplying the average rating for each attribute times the scores in the first row (in Table
6) one-at-a-time, sum these products up and divide this sum by the average rating for the
first attribute. This can be performed, for example, using Microsoft Excel’s matrix
multiplication function: =MMULT(). The resulting values for this project are shown in
Table 7. Second, using the consistency measure values, CI can be calculated with the
following:
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CI = (λmax - n)/(n - 1)
where λmax is the average of the consistency measure column and n is the order of matrix.
The order of matrix used for this project is seven. The CI value for Table 6 is equivalent
to 0.04. Third, the random index is expressed as a value based on the order of the matrix
provided by Saaty (1977); for the RI is 1.32. The resulting consistency ratio for Table 7 is
0.03. A CR of 0.10 or less is preferable; any value larger than 0.1 indicates there is
excessive inconsistency in the original preference ratings (Saaty 1977).
Table 7: Matrix B displaying the normalization of each Matrix A cell with respect to
the column, average of each row, and the consistency measure for each row.
B

Instream
habitat

Riparian
buffer

Access to
floodplain

MPD/
channel
material

Bank
stability

Sinuosity

Degree
of
incision

Average

Consistency
Measure

Instream
habitat

0.33

0.29

0.37

0.37

0.37

0.28

0.28

0.33

7.51

Riparian
buffer

0.33

0.29

0.37

0.22

0.22

0.20

0.20

0.26

7.51

Access to
floodplain

0.11

0.10

0.12

0.22

0.22

0.20

0.20

0.17

7.42

MPD/
channel
material

0.07

0.10

0.04

0.07

0.07

0.12

0.12

0.08

7.10

Bank
stability

0.07

0.10

0.04

0.07

0.07

0.12

0.12

0.08

7.10

Sinuosity

0.05

0.06

0.02

0.02

0.02

0.04

0.04

0.04

7.09

Degree of
incision

0.05

0.06

0.02

0.02

0.02

0.04

0.04

0.04

7.09

The weights of each stability indicator are incorporated into the stream
assessment SAMBR (Appendix C). The user of the assessment determines an initial score
from each of the seven attributes, multiplies that score times the appropriate weight, then
adds up the adjusted scores for a final tally. Once the final score is determined, it will fit
into one of four predetermined categories of very good, good, fair, and poor stream
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stability. The advantage of using the AHP method is that it allows the weights of the
stability indicators to be easily changed based on the needs and objectives of the user.
The scores for the nine surveyed reaches are recorded in Appendix D. The scores
were determined using the information gathered in Table 3 in conjunction with field
observation of the stream reaches. In Table 3 each reach was given an initial stability
rating. This was based on personal observations of the reaches during field work and the
qualitative definitions provided in Table 3 of very good, good, fair, and poor stability.
After SAMBR was developed the reaches were scored though the assessment and
formally given a stability ranking. All but one of the stream reaches matched their initial
estimated stability ranking. Whiskey Creek (S-6) was initially ranked as fair stability
because the reach is channelized and composed of silt and sand with little ability to resist
erosion. The present vegetation does not have the root system to protect the channel
banks from mass wasting. Also, it is bound by levees and has no access to a natural
floodplain. The reach does not appear to be in immediate need of human intervention,
however, it does appear there is a possible future need for human intervention. When this
reach, S-6, was assessed using SAMBR, it received a poor stability ranking.
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CHAPTER VI
CONCLUSION
The goal of this project was to develop a user-friendly, rapid stream assessment
protocol for the Minnesota glacial Lake Agassiz beach ridges. This particular region
exhibits some of the most natural prairie and stream ecosystems in western Minnesota
(MN DNR 2007). However, incompatible land uses within the watersheds have impaired
the stability of the streams and threatened the area’s biodiversity. Stream stability is
important because when a stream is functioning at its best, it performs a multitude of
services, including purifying water, regulating floods and droughts, and maintaining
habitat for native fauna (Richter and Postel 2004). The Nature Conservancy wants to help
in protecting this area so the beach ridges can become a sustainable resource and thriving
environment for biodiversity. Thus, it is necessary to develop a method for assessing the
environmental condition of the streams so that reference reaches can be established and
mitigation prioritized.
In developing the stream assessment, several streams throughout the glacial Lake
Agassiz beach ridges were surveyed and analyzed to determine the attributes that
characterize their stability. The streams surveyed are low-order, wadeable streams. The
data collected focused only on the physical features of a stream reach, which included the
dimensions of the channel, sinuosity, slope, presence of habitat for aquatic species,

47

vegetative protection from adjacent land use, and channel substrate. The data were
obtained using high-resolution aerial photos and GPS-based surveying.
After the field work was completed and data analyzed, a stream assessment was
developed for reaches with in the Minnesota glacial Lake Agassiz beach ridges, referred
to as SAMBR (Stream Assessment for Minnesota’s Beach Ridges). It is intended to be a
rapid and user-friendly assessment tool to evaluate the physical stability of a reach with
special attention to biodiversity. Included in SAMBR are seven indicators of stream
stability that are assessed or identified: (1) instream habitat, (2) riparian buffer, (3) access
to floodplain, (4) sinuosity, (5) degree of incision, (6) bank stability, and (7) incipient
particle diameter and channel material. These indicators are numerically scored and
tallied to provide an overall qualitative ranking of very good, good, fair, and poor
stability for the stream reach.
SAMBR is unique because incorporated into the assessment, is the use of an
analytical hierarchy process (AHP) (Saaty and Vargas, 1991). This is a decision-making
approach provides internally consistent weights for each indicator or attribute in a
problem involving multiple, dimensionally mixed decision criteria. In the case of
SAMBR, each of the indicators was compared to on another based on their importance to
biodiversity in a pair-wise comparison matrix, which produced a vector of weights that
reflects the relative importance each of the indicators. This is significant because some of
the indicators in SAMBR are considered more important than others and so a greater
value can be given to those key attributes. Using AHP is a method that has not been
applied in any other stream assessments. Most stream assessments score included
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indicators equally with out regard of the individual indicator’s importance or influence on
the overall goal of the stream survey.
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Appendix A
Cross-sections of Surveyed Stream Reaches in Order of Site ID
Sand Hill River (S- 1) Cross-section #1
Recorded in feet
Vertical axis is exaggerated 3X
Left Bank: N 47° 31.823 W 96° 17.616
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Sand Hill River (S- 1) Cross-section #2
Recorded in feet
Vertical axis is exaggerated 2X
Left Bank: N 47° 31.837 W 96° 17.647
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Buffalo River (S- 2) Cross-section #1
Recorded in feet
Vertical axis is exaggerated 5X
Right Bank: N 47° 45.44'' W 96° 27' 48.65"
*Flood prone elevation could not be shown on this cross-section
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Buffalo River (S- 2) Cross-section #2
Recorded in feet
Vertical axis is exaggerated 3X
Right Bank: N 46° 51' 45.69'' W 96° 27' 45.04"
*Flood prone elevation could not be shown on this cross-section
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Sand Hill River (S- 3) Cross-section #1
Recorded in feet
Vertical axis is exaggerated 3X
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Sand Hill River (S- 3) Cross-section #2
Recorded in feet
Vertical axis is exaggerated 4X
Left Bank: N 47° 30.733 W 96° 21.794
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Hay Creek (S- 4) Cross-section #1
Recorded in feet
Vertical axis is exaggerated 4X
Right Bank: N 46° 47.902 W 96° 25.278
*Flood prone elevation could not be shown on this cross-section
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Hay Creek (S- 4) Cross-section #2
Recorded in feet
Vertical axis is exaggerated 3X
Left Bank: N 46° 47.455 W 96° 26.305
*Flood prone elevation could not be shown on this cross-section
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Black River (S- 5) Cross-section #1
Recorded in feet
Vertical axis is exaggerated 2X
Left Bank: N 47° 52.007' W 96° 25.220'
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Black River (S- 5) Cross-section #2
Recorded in feet
Vertical axis is exaggerated 2X
Left Bank: N 47° 52.076 W 96° 25.026
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Whiskey Creek (S- 6) Cross-section #1
Recorded in feet
Vertical axis is exaggerated 5X
Left Bank: N 46° 40.619 W 96° 32.752
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Whiskey Creek (S- 6) Cross-section #2
Recorded in feet
Vertical axis is exaggerated 7X
Left Bank: N 46° 40.618 W 96° 32.630
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Sand Hill River (S- 7) Cross-section #1
Recorded in feet
Vertical axis is exaggerated 3X
Left Bank: N 47° 30.724 W 96° 21.981

S

N

0.0

2.0

4.0

6.0

8.0

10.0

12.0
0.0

10.0

20.0

Channel profile

30.0

40.0

50.0

Water level

60.0

Bankfull

57

70.0

80.0

Flood prone level

90.0
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Cumulative Percent Charts for Pebble Counts
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Stream Assessment for Minnesota’s Beach Ridges (SAMBR)
Reach Location: ________________________________________

Date: ____________________

Assessed by: __________________________________________

Entire reach measurements and observations
STABILITY
INDICATOR

DESCRIPTION
Habitats include:

Instream
Habitat

VERY GOOD
▪ ≥ 5 habitats present

GOOD

FAIR

▪ 3-4 habitats present

POOR

▪ 2-3 habitats present ▪ 0-1 habitats present

▪ boulders/cobbles
▪ riffles
▪ pools
▪ stable wood debris

▪ channel provides
▪ channel provides
▪ improvement of
favorable conditions for adequate conditions for instream habitat is
aquatic species
needed
aquatic species

▪ undercut banks
▪ velocity & depth
▪ vegetated/ overhanging ▪ obvious diversity of
▪ obvious diversity of
banks
velocity & depth of flow velocity & depth of flow does not generally
vary along reach
present (i.e. slow/fast, present
▪ rootmats
deep/shallow)
▪ oxbows or backwaters

12

Score:

Riparian
Buffer

▪ Vegetation buffer: an
▪ Vegetation buffer
area undisturbed or
averaging 200 ft or
managed to reduce the more
impact of adjacent land
use. Examples: farming,
mowing, grazing, parking
lots, roads, etc. (exclude
small state park roads
and campgrounds).

Left Bank
Right Bank

9
▪ Vegetation buffer
averaging a range of
125-200 ft.

4
4

6

3

3
3

2
2

1
1

12

Score:

Sinuosity
Score:

▪ Sinuosity: stream
length / valley length

▪ Riparian buffer consists
mostly of non-woody
vegetation with sporadic or
no trees and would not be
considered native prairie.

2.5

4

1

▪ Stream has access to ▪ Stream has possible access to a natural
a natural floodplain on floodplain only during large flood events
both sides of the
channel

Access to
Floodplain

▪ velocity & depth does
not vary along reach

▪ Vegetation buffer
▪ Vegetation buffer
averaging a range of averaging < 50 ft.
50-125 ft.

▪ Riparian buffer
▪ Riparian buffer consists mostly of grasses,
exhibits a good
but has a moderate presence of well
representation of an
established trees.
established forest or
native prairie grassland.
Cumulative
Riparian buffer
score:

▪ lack of habitat is
obvious or stream is
choked with natural or
unnatural materials

▪ Stream is too incised
to have access to
floodplain or is
restricted by levees or
dikes

7.5

3

▪ 1.5 - 2.0

▪ 1.1-1.4

▪ >2.0 or =1.0

12

9

4.5
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Cross-section observations and measurements- Page 2
STABILITY
INDICATOR
Degree of
Incision

DESCRIPTION
▪ Degree of Incision =
(water depth / bank
height ) *100

VERY GOOD

GOOD

FAIR

POOR

▪ 100 - 80%

▪ 79 - 50%

▪ 49 - 20%

▪ <19%

9

6

3

12

Score:

▪ surface protection is ▪ surface protection is ▪ surface protection is
50 - 30%
80 - 50%
<30%

▪ surface protection is
100 - 80%

Bank
Stability

4

3

2

1

▪ Average root depth is ▪ Average root depth is ▪ Average root depth ▪ Average root depth is
> 4 ft
in the range of 2.5 - 4ft is in the range of 1 - generally <1 ft
2.5 ft

Cumulative bank
stability score:

4

3

2

1

▪ Along reach, banks
are generally stable.
Evidence of erosion or
bank failure is absent or
minimal with little
potential for future
problems.

▪ Along reach, banks
are moderately stable.
Evidence of erosion or
bank failure is isolated
or infrequent.

▪ Along reach, banks
are moderately
unstable. Evidence of
erosion or bank
failure is abnormally
frequent.

▪ Along reach, banks
are unstable. Evidence
of erosion or bank
failure is widespread
creating a high erosion
potential during flood
events.

4

3

2

1

Pebble count measurements
▪ Measured MPD = d50
from Pebble Count

Mean Particle
Diameter (i.e.
Tractive
Force)

▪ Calculated MPD falls into the range of the
Measured IPD

▪ Calculated MPD =
mean diameter bed
material estimated from
tractive force using
graph

6
▪ Dominant channel
material = d50 from
Pebble Count
Cumulative MPD
score:

▪ Calculated MPD does not fall into the range
of the Measured IPD

▪ d50 > 2 mm (gravel)

2

▪ d50 = 0.5 - 2 mm
(very coarse sand to
coarse sand)

6

4
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▪ d50 ≤ 0.5mm (medium sand - silt/ clay)

2

Data Needed for Assessment- Page 3
Stream Length
Valley Length
Water depth
Lowest bank height

Mean bankfull depth
channel slope
d50

Upper Limit

Lower Limit

Mean Diameter Bed Sediment (mm)

1000

2

Traction (N/m ) =
specific weight of
water (9,807
3
N/m ) x mean
bankfull depth (m)
x channel slope

100

10

1

0.1
0.1

1

10

100

1000

Traction (N/m2)

Scores or Cumulative Scores for Each Stability Indicator
Instream Habitat
Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
Mean Particle Diameter

x
x
x
x
x
x
x

33% =
26% =
17% =
4% =
4% =
8% =
8% =
Total

Stability Rating

Very good =
Good =
Fair =
Poor =
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9.76 - 12.00
7.51 - 9.75
5.26 - 7.50
3.00 - 5.25

Appendix D
Scores From SAMBR On Each Surveyed Stream Reach

Site ID & Name Stability Indicator
S-1
Instream Habitat
Sand Hill River Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Site ID & Name Stability Indicator
S-2
Instream Habitat
Buffalo River
Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
12
33%
3.96
12
26%
3.12
12
17%
2.04
12
4%
0.48
6
4%
0.24
12
8%
0.96
6
8%
0.48
Cumulative Total
11.28
Stability Rating
Very Good

Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
12
33%
3.96
12
26%
3.12
12
17%
2.04
12
4%
0.48
6
4%
0.24
11
8%
0.88
6
8%
0.48
Cumulative Total
11.20
Stability Rating
Very Good
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Site ID & Name Stability Indicator
S-3
Instream Habitat
Sand Hill River Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Site ID & Name Stability Indicator
S-4
Instream Habitat
Hay Creek
Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Site ID & Name Stability Indicator
S-5
Instream Habitat
Black River
Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
9
33%
2.97
12
26%
3.12
7.5
17%
1.275
9
4%
0.36
6
4%
0.24
9
8%
0.72
6
8%
0.48
Cumulative Total
9.17
Stability Rating
Good

Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
9
33%
2.97
12
26%
3.12
12
17%
2.04
4.5
4%
0.18
6
4%
0.24
11
8%
0.88
4
8%
0.32
Cumulative Total
9.75
Stability Rating
Good

Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
6
33%
1.98
11
26%
2.86
3
17%
0.51
9
4%
0.36
6
4%
0.24
4
8%
0.32
6
8%
0.48
Cumulative Total
6.75
Stability Rating
Fair
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Site ID & Name Stability Indicator
S-6
Instream Habitat
Whiskey Creek Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Site ID & Name Stability Indicator
S-7
Instream Habitat
Sand Hill River Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Site ID & Name Stability Indicator
S-8
Instream Habitat
Whiskey Creek Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
6
33%
1.98
4
26%
1.04
3
17%
0.51
4.5
4%
0.18
3
4%
0.12
6
8%
0.48
4
8%
0.32
Cumulative Total
4.63
Stability Rating
Poor
Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
6
33%
1.98
3
26%
0.78
3
17%
0.51
12
4%
0.48
6
4%
0.24
3
8%
0.24
6
8%
0.48
Cumulative Total
4.71
Stability Rating
Poor

Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
3
33%
0.99
3
26%
0.78
3
17%
0.51
12
4%
0.48
3
4%
0.12
3
8%
0.24
4
8%
0.32
Cumulative Total
3.44
Stability Rating
Poor
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Site ID & Name
S-9
S. Br. of Wild
Rice River

Stability Indicator
Instream Habitat
Riparian Buffer
Access to Floodplain
Sinuosity
Degree of Incision
Bank Stability
MPD & Channel Material

Initial Score For
Adjusted Score For
Each Indicator Weights
Each Indicator
6
33%
1.98
5.5
26%
1.43
3
17%
0.51
3
4%
0.12
4
4%
0.16
8
8%
0.64
12
8%
0.96
Cumulative Total
5.80
Stability Rating
Fair
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